Equivalencyof fiber quality within a plant of upland cotton, Gossypium hirsutum L., is very important. There are several traits within a plant that can be used to measure fiber quality and five of those traits will be investigated. Eight representative upland cultivars were grown at the Plant Science Research Farm at Mississippi State University in 1986 and five fiber traits: micronaire, fiber elongation, 2.5% and 50% span length, and fiber strength, were measured at different plant locations. The analysis of the study was modeled after a crop stability analysis with plant locations being treated as environments in the analysis. Three methodsof stability analyses were investigated:Francis and Kannenberg's (F-K), Finlay and Wilkinson's (F-W), and additive main effect and multiplication interaction (AMMI).The results showed that cultivar ST213 was stable for micronaire, MC235 for fiber span length, DPNSL and DES119for fiber elongation, and CAMD-E for fiber strength.
Introduction
Cotton, which is the leading fiber crop and an important source of protein and oil in the world (An, Jenkins et al. 2010) , has been planted in the United States for more than two centuries. The United Statesis the largest exporter of raw cotton, and cotton is animportant commodity throughout the world.Fiber quality of cotton has becomeincreasingly important to the textile industry due totechnology changes infiber spinning (Wu, Jenkins et al. 2009 ).It is well known that cotton fibers are collected from various positions on plants and the quality may vary. Equivalent fiber quality across a whole plant is highly desired by cotton breeders, producers, and marketers. It is important to know such important information for cultivars.
Genotypic-environment (GE) interaction is said to exist when the phenotypic response invoked by a change in environment is not the same for all genotypes (Comstock and Moll 1963) . GE interaction is considered the index of stability. The stability of cultivars in different environments is an important application of plant breeding.Plant breeders are interested in selecting superior genotypes in the present of GE interaction (Francis and Kannenberg 1978) .Several statistical methods for measuring stability were reported (Plaisted and Peterson 1959; Wricke 1962; Finlay and Wilkinson 1963; Eberhart and Russell 1966; Perkins and Jinks 1968; Shukla 1972; Francis and Kannenberg 1978) . Among these, Francis and Kannenberg's (1978) (F-K) method, Finlay and Wilkinson's (1963) (F-W) method, and Additive Main Effect and Multiplication Interaction (AMMI) analysis (Crossa, Gauch et al. 1990 ) were commonly used to analyze the stability of each crop cultivar to be released.
The above mentioned methods have been commonly used in crop yield stability analysis in crop trial tests but not forequivalent fiber quality across plant locations in cotton. It is reasonable to treateach location asan environment because they develop at different times and thus genotype-by-location interactions are equivalent to genotype-by-environment interactions. Therefore, the idea of stability of cultivars can be used to investigate the equivalency of fiber quality across different locations for each cultivar.
In this study, five fiber quality traits, micronaire(MIC), 50% span length(50%SL), 2.5% span length(2.5%SL), elongation(E1), and strength(T1)collected by Knight (1988) were used for our analysis by F-K, F-Wand AMMI.The purpose ofthis study was to provide important information on fiber quality for cotton breeding, production, and marketing.
Materials and Methods

Data Collection
A collection of eight commercial cultivars was assembled from the Plant Science Research Farm at Mississippi State University in 1986. The cultivars were 'Stoneville 506'(ST506), 'Stoneville 213'(ST213), 'Stoneville 825'(ST825), 'Tamcot CAMD-E'(CAMD-E), 'DeltapineNectariless Smooth Leaf'(DPNSL), 'Deltapine 50'(DPL50), 'McNair 235'(MC235), and 'DES 119'(DES119),these were designated as G1-G8 for analysis.
More details about the data and experiments can be found in Knight's thesis (Knight 1988) .After cotton had matured, a random 10 foot strip of each plot was harvested, by position from each plot. The mapping consisted of removing each boll separately from plants and placing it in a paper bag with the appropriate horizontal position and vertical node number recorded. Bolls were composited by position for all plants in the 10 foot strip. The samples were taken to the laboratory, and allowed to dry and then weighted to determine seed cotton weight. In this study, interest was in fiber quality traits which included micronaire(MIC), 50% span length(50%SL), 2.5% span length(2.5%SL), elongation(E1), and strength(T1). Micronaire is the fineness of the sample taken from the ginned lint, measured by the micronaire and expressed in standard (curvilinear scale) micronaire units.The 50% SL is the length in millimeters on the test specimen spanned by 50 percent of the fibers scanned at the initial starting point. The 2.5% SL measures the length in millimeters that 2.5% of the fibers span from initial starting point. Fiber strength is expressed as T1, which is the strength of a bundle of fibers measured on the Stelometer, an instrument for measuring fiber strength, with two jaws holding the fiber bundle separated by a 1/8-inch spacer, expressed in millinewtons(mN/kg). E1 is the percent elongation at the break of the center one-eighth inch of the fiber bundle measured by strength (Knight 1988) .
Normally, the number of main-stem nodes on a plant are counted from bottom to top to number the branches.In this study, the branches numbered from 8 to 17 were investigated.The cotton bolls on each branch were termed as position. The nearest boll to the main-stem was designated position one, and the one next to it was position two,andbeyond that was considered three. However, position threewas not investigated in this study due to many missing data points. For clarification, locationin this study was defined as the combination of position and node. For example, position oneon the 10 th node was designated as "10.1".
Statistical Analysis
We investigated the equivalency of a trait in several ways so that more complete information may be obtained. The first method used was Francis and Kannenberg's (1978) method, which is a two-way ANOVA model detailed as follows:
where is the observation for genotype in position ; is the population mean; is the mean of the ℎ genotypic effect; is the mean of the ℎ positional effect; is the interaction and is the residual.The last two terms are confounded and cannot be separated if only based on mean values over replications/blocks. In order to demonstrate several methods used in this study, we also defined � • , � • ,and �as the mean values for the ℎ genotype, the ℎ position, and the population mean, respectively.With this model,the coefficient of variability( ) of each genotype was used as a stability measure (Lin, Binns et al. 1986) 
The second method was Finlay and Wilkinson's (1963) regression method. With this method,the observations of each genotype were regressed on position indexes (PI), which were the mean value of observationsfor all positions. The regression coefficient was defined as follows (Lin, Binns et al. 1986 ):
The third methodwas the Additive Main Effect and Multiplication Interaction (AMMI) method (Crossa, Gauch et al. 1990 ), which is based on a principal component (PC) analysis. The AMMI model is:
where , , and were defined in equation (1) above. is the square root of the eigenvalue of the PC axis ; and are the PC scores for PC axis of the ℎ genotype and the ℎ position, respectively,and is the residual. In model (4), genotype-by-position interaction was subdivided into PC scores (Crossa, Gauch et al. 1990 ).
Data were analyzed by the three methods using R programs.The following libraries were mainly used in this study:GenMod, MASS, agricolae, MEMSS, lattice,plotrix (See appendix).
Results and Discussion
Coefficient of variation
In F-K method, coefficient of variation (CV)wasused as a measure of consistency for a cultivarregarding these traits across different positionson the condition that a cultivar will have a larger variance (Lin, Binns et al. 1986 ). Mean traits were plotted against their corresponding CVs in Figure 1 . Based onmean CV andpopulation mean trait,four groups can be observed:Group 1 (high mean with small variation), Group 2(high mean with large variation), Group 3 (low mean with small variation), and Group 4 (low mean with large variation).
Low value of micronaire means finer fibers while high mean values are more desired for the other four traits.In addition, small variation means more stable and thus is more desired for all five traits. According to the definition of stable genotype which provides high (or low, for example MIC) and consistent performance (Francis and Kannenberg 1978) , group 3 for micronaire and group 1 for other fiber traits can be considered as stable and thus more desirable. For micronaire(MIC),ST213 (G2)and DPNSL (G5) had better performance; for 50%SL onlyMC235 (G7) had better performance; for 2.5%SLDPL50 (G6), MC235 (G7) and DES119 (G8) had better performance; for elongation, ST506 (G1), DPNSL (G5)and DES119 (G8) had better performance; for strength, onlyCAMD-E (G4) had better performance (Figure1).
Regression analysis
In F-W method, the simple regression between a trait mean and its corresponding positionindex (PI) for five traits was used in this study (Lin, Binns et al. 1986 ). Coefficient of determination(R 2 ) was considered the measurement of the consistent of a genotype on position index. The value of R 2 is closeto 1suggeststhat a cultivar has a high consistenceto the mean performance of other cultivars.The value of a slope greater than one means above average stability while a value smaller than one means below average stability, and a value equal to one means it is equal to the average stability (Finlay and Wilkinson 1963) . All results are summarized Table 1 .
For micronaire, ST506 (G1), ST825 (G3),CAMD-E (G4) and MC235 (G7) had high consistence and better performance in good position conditions(b1>1, R2>0.70); for 50% span length, DPNSL (G5) and DPL50 (G6) had high consistence and better performance in good position conditions(b1>1, R2>0.70)( Table 1) .
Mean traits are plotted against their corresponding simple regression coefficientsin Figure2, respectively. Mean simple regression coefficient and populationmean trait divide every figure into four groups according to high or low trait value and large or small slope. For micronaire, 50% span length and strength, the results showed in Figure 2were the same as the results of F-K method.
AMMI analysis
Additive main effects and multiplicative interaction (AMMI) analysis of variance (Crossa, Gauch et al. 1990 ) showed that the first two principal component (PC) scores contributed to 63.9%, 63.3%, 88.5%, 56%, and56.2%of total variation of genotype-by-position interaction effects for traits MIC, 50%SL, 2.5%SL, E1 and T1 , respectively. However, only the first PC score weresignificant at the probability level of 0.05.
With this method, we selected micronaire for analysisdue to the page limits, and the results of other fiber traits will be summarized in Tables 3 and 4 . Figure 3is a bi-plot generated for the first principal component (PC1) scores as the abscissas and the second principal component (PC2)scores as the ordinates for trait micronaire. Genotypes (or locations) that appear almost on perpendicular lineand/or those that fall almost on a horizontal line are considered having similar interaction patterns (Crossa, Gauch et al. 1990) .Genotypes (or locations) with high PCscores (either positive or negative) may have high interactions. A cultivar with PC1 and PC2 scores close to the origin (0,0) suggests that this cultivar had small genotype-by-location interaction and thus more stable.
For micronaire, ST213 (G2), MC235 (G7) and most locations close to (0,0), and DPL50 (G6), these werestable on the condition that only PC1 scorewas considered (Figure  3) .Variations between cultivars were more significant than variations between locations. Location 17.2 was the farthest point in the figure which means it was not stable.Low micronaire means finer fibers and thus is more desired. Cultivars ST506 (G1), ST213 (G2), ST825 (G3) and DPNSL (G5) had smaller values of micronaire than the average mean (3.16). Means of positionone were greater than means of positiontwo for every branch while most means of postionone were greater than means of postiontwo for whole cotton plant. All means for two positions of 10 nodes in five traitsare listed in Table 2 .Fruit in branch position one developed more completely than fruit in branch position two. In this analysis, means were compared for each of two branch locations. At branch position one,locations 12.1, 13.1, 14.1 15.1, 16.1 and 17.1 were below the average mean of branch positionone (3.27),whereas at branch position two, locations 15.2, 16.2 and 17.2 were below the average mean of branch positiontwo (3.06) ( Table 2) .Thuscultivar ST213 (G2)and locations 15.2, 16.2, 12.1, 13.1, 14.1, 15.1, 16.1, 17.1had better performance regarding micronaire. High mean values are more desired for the other four traits. Similarly, cultivars and/orlocations with better performance could be observed in Tables 3 and 4 .
Summary
The techniques of the three methods used in the analysis of the study are different (Lin et al., 1986) ; however; as given in Table 3 , the results obtained by the three methods are comparable. ST213 (for micronaire), MC235 (for 50% span length),MC235 (for 2.5% span length),DPNSL and DES119 (for elongation), and CAMD-E (for strength) had better performance.As we expected, some differences among the three methods were observed. For example, cultivar DPNSLhad better performance for micronaire based on the F-W method and F-K method;DPL50 had better performance for 50% fiber span length based on the AMMI analysis;DPL50 and DES119 had better performancefor elongation based on the F-K method andAMMI analysis; DPL50 has better performance for elongation based on the F-W method. In addition to the results obtained from the three proposed methods in this study, we analyzed the two factor interactions and no significant interaction effects were detected. On the other hand, the AMMI approach detected the first PC scores were significant, indicating that the AMMI method is more sensitive to detect interaction effects. We plan to validate them by simulated data in the future. Conference on Applied Statistics in Agriculture (1978) G2,G5 G7 G6,G7,G8 G5,G8 G4 Finlay and Wilkinson (1963) G2,G5 G7 G7 G5,G6,G8 G4 Crossa et al. (AMMI, 1990) G2 G6,G7 G6,G7,G8 G5,G8 G4 † G1=ST506, G2=ST213, G3=ST825, G4=CAMD-E, G5=DPNSL, G6=DPL50, G7=MC235, G8=DES119. ‡ MIC=micronaire, 50%SL=50% span length, 2.5%SL=2.5% span length, E1=elongation, and T1=strength. 
